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ABSTRACT

This investigation was concerned with the development of elastomeric
materials to replace chromated felt in constrained-layer treatments for damping
heavy platinz in new construction gubmarines. A treatment having a weight ratio
to the treated plate of 1 to &4 and utilizing a perforated nitrile rubber damping
layer was found to be almost as effective as Treatment 198, a similar treatment
developed by the Rubber Laboratory which utilized chromated felt. The new treat-
ment , designated Treatment 2.7, consisted of an aluminum constraining layer 1~1/4
inches thick and a perforated nitrile rubber damping layer 1/16 inch thick which
was made from stock 384-584, It was fastened by means of 1/2 inch studs on
12 inch centers to 1-3/4 inch thick steel plate.

The average damping at 75°F for Treatment Z.7 over the frequency range of
50 to 2000 cps was 6,47 of critical as compared to 6.5% of critical for Treatment
198, It was found that the camping behavior of the nitrile rubber layer was
affected similarly to the chromated felt by temperature change. Maximum damping
occurred at 65°F, Substantially lower Jdamping were obtained at 35° and 120°F,
Work is continuing on the development of damping treatments which will be effi-
cient over the temperature range of 35° to 1.0°F,
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INTRODUCT ION ]

1. This is the twelfth progress report by the Rubber Laboratory on the development
of damping treatments for heavy plates on new construction submarines. The inves-
tigation was authorized by the Burcau in reference (a). The authorization was
extended in reference (b). The present work dealt with the damping of 1-3/4 inch
thick steel bars by constraining laver treatments. Previous work by the Laboratory
on the same subject was described in Rubber Labovratory Reports los. 94-12, -22, -23,

-24, =25, -27, -29, -33, -36, and -37.

2. The best treatment obtained in the previous work for 1-3/4 inch thick steel
bars with a weight ratio of treatment to steel of l:4 was Treatment 198. It con-
sisted of a 1-1/4 inch thick constraining laver of aluminum, and a 1/4 inch thick
constrained layer of chromated felt, The effectiveness of the treatment, however,
changed markedly with temperature. Maximum damping was at 75°F, but damping at
35° and 120 F was one third or one fourth of the damping at 75°F. The objective

of the present work was to develcp an effective damping material for the con-

strained layer which would be less sensetive to temperature than chromated felr.

3. The effects on damping of the constraining pressure, and of factors associated
with the shape and dimensicns of the constrained laver were studied, in order to
establish the optimum conditions for damping by the treatments. Of particular
interest in this study was the relationship between d amping and the "shape factor',

i.e., the ratio of the load bearing area in contact with the steel bar to the




free area of the rubber. Constrained layers of varying shape factors were studied

for this purpose.

RUBBER COMPOUND FOR CONSTRAINED LAYER

4, 1t is assumed that in the type of damping treatments used in this work, the
major part of the Jamping is due to cncrgy loss in the constrained layer, Con:
sequently, a constrained laver compoun. possessing a high loss modulus would be

a promising material for this purpose.

5. Previous work by the lLabo:atory, reference (¢), indicated that vulcunizates
of nitrile rubbers with high acrylonitrile content possess high loss moduli.

A vitrile rubber of this type, Paracril D, was selected for tne preparation of

constrained layers in the present investigation, Five compounds of this rubber
were prepared, and stock 384-584 was selected as the most promising material,

The recipe fur this stock is given below,

Stock 384-584

Paracr-il D 100
Hvcar 1312 10
Philblack A 60
Protox 166 5
Stearic acid 1
Neozone D 1
Thionex 0

1

.6
Sul fur 5

CURE: 20 minutes at 320°F
DESCRIPTION OF TREATMENTS

6. Fuach test assembly consisted of 4 steel bar, 96 x 6 x 1-3/4 inches, a damping
treatment consisting ¢f a constraining aluminum bar, 92 x 6 x 1-1/4 {nches, and
a constrained layer made of stock 384 :584, sandwiched between the steel bar and

the aluminum bar. The treatment was fastened to one face of the steel bar by means



of 1/2 inch diameter studs and lock nuts. The studs were welded to the steel

bar along the middle line of one of its faces. They were gpaced 12 inches apart.
The test assembly was hung from steel beams by two repes, 5 feet long. A con-
straining pressure was applied to the treatments by tightening the lock nuts

with a terque wrench.

7. Constrained layers of various designs and thlcknesses were used in ovder to
study the cffects ol the shape facters on ‘amping. Two types of constrained

lavers were used, namely, solid gheets, and perforated siwets with a square grid
pattern. The perforate! sheets had mold flash, a few thousandths of an inch thick,
on one of their faces. The various types of constrained layers uscd are described

in Appendices 1 and 2,
TESTING PROCEDURES

8. The procedure for determining damping was described in detatls in Report

No. 94-36. The essential features of the testing procedure were as follows:

An electromagnetic siarer was attached to cne end of tiue treated bar, and an
accelerometer pickup at the other end, T[he bar was vibrated by means of the
shaker. The frequency of the vibration was gradually increased until a resonance
frequency was reached, as indicated by the output of the pickup. The current

to the shaker was then shut off by means of a relay, and the pickup signal of

the decaying vibration of the test assembly was projected on a Memoscope screen.
The signal was first passed through an amplifier, a filter, and finally through

a log amplifier, prior to its passage through the Memoscope. The instrumentaticn

used for detemmining damping is shown schematically in Appendix 3.

9. The angle of the proiected wedge-shaped signal with the time axis of the
Memoscope screen was measured, and the damping was determined according to the

following equation:
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Percent of critical damping = K E3% A

~
it

a constant, which includes characteristics of the Memoscope and
agsociated electronic equipment

A = angle of the wedge shaped signal with the time axis of the
Memoscope

t = sweep time in seconds per division of the Memoscope

f = frequency of vibration, in cycles per second

10, A constraining pressure was applicd to the treatment, after its application

to the steel bar, by tightening thec nuts on the studs with a torque wrench. The

formula for converting inch-pounds of torque into the corresponding pressure was

given in Report 94-36, Damping was determined from one hour to several days after

application of the constraining pressure. Once a given constraining pressure was

applied, it was not further adjusted during the test. The constraining pressures

indicated herein thus refer to the initially applied pressures.

e
pressures during the damping measurements were probably somewhat lower than the

The actual

initial pressures due Lo stress relaxation.

11, In the tests dealinyg with the effect of constraining pressure on damping,

each treatment was successively subjected to pressures of 15, 40, and 73 psi,

respectively, Damping was determined at each of these pressures.
RESULTS

Effect of Constraining Pressure

12, Constrained lavers of solid rubber sheets, 1/16, 1/8, and 1/4 inch thick,

were used for the study of the effect of constraining pressure on damping. The

results are tabulated in Appendix 4., There was a slight tendency for damping

to increase as the constraining pressure was raised from 15 to 73 psi. The

largest increase, about 30%, occurred in Treatment 220, which utilized a 1/4 inch




thick constrained layer. The cffect of pressure on damping in most intermediate

pressure steps was insignificant.

Effect of Constrained Layer Thickness

13. The data of Appendices & and 5 indicate that damping in the treatments
which utilized solid sheet constrained lavers tended to increase as the thicke
ness of the constrained layer decreased. Tie highest dampings were obtained
with 1/16 inch thick lavers. A fourfold decrease in thickness raised damping

by about 107 to 307, depending on the ccnstraining pressure.

Effect of Shape Factor of Construined Laver

14, The data pertaining to the relations between damping and shape factor are
presented in Appendices 1 and ", The Jdata of Appendix 1 indicate that for amy
given thickness of the constrained laver, the_perforated sheets with the lower
shape factors vielded nigher damping than the solid sheets with the higaer
factors. This effect was most pronounced in the case of the 1/10 inch thick
sheets. [t was less significant in the ceése of tue 1/8 and 1/4 inch thick sheets,
even though the perfcorated layers of these thicknesses possessed the lowest shave

factors of all uf the tested sheets.

15. Further inconsistancies in the relations between damping and shape factor
were exhibited by Treatments 225 and 227 with 1/16 inch thick constrained layers.,
Treatment 225 witn a factor of 1,3 exhbited less damping than Treatment 227 with

the higher factor of 2,85.

16, These inconsistancies may stem in part from the fact that in the present
tests it was not possible to separate the effect of the shape factor from the
effects of oth:r factors such as thickness, ti..e mass of rubber per unit area
of treatment (mass factor), and the racio of the load bearing area of the con-

strained layer in contact with the steel bar (or aluminum bar) to the treatment
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area (area factor). Whenever the constrained layer design was altered in order

to cihange the bound to free area ratio the other factors were also altered.

Effect of Mass Factor of Constrained Lacer

17. The relative mass factors of the various constrained layers were determined

by assigning the value of 1 to the mass of iubber per square inch of trecatment of

the 1/16 inch thick solid she=2t laer, The data of Appendix 1 iIndicate that there
was a tendency for dampiny to incrcase as the mass factor decrcased., Treatment 22
deviated frem this behavior. This terdency might be related in part to the thickness

of the lajer, since the thickness was alsv cecreased as the mass factor decreased,

Effect of Area Factor ~f Constrained lLaver

18, It was »f interest to find tnat the higlhest damping was obtained with a treat-
ment (Treatment 227) in which cnly 757 of cthe steel bar ares was in contact with the
load bearing surface of the constiained laver (arca factor of 0.73). The average
damping of this treatment was abcut 357 Ligher than the average damping obtained
with 4 treatment of solid sheet rubber (Treatment 221) of the same thickness, in

which the steel und aluminur bars contacted tie rubber layer over the entire area

of thec treatment.

Effcct of Tempe rature

19, Treatment 225, utilizing a perforated constrained laver, 1/16 inch thick,
was used for the study of the effect of temperature on damping. An initial
constraining pressure of 40 psi was applied to the treatment. The most significant

data of this study are presented in Appendices 7, 8 and 9,

20. The cata shown in Appuendix 2 indicate that Treatment 225 exhibited a tcmpera-

ture dependence similar to that of Treatment 198, which utilized ciromated felt

as a constrajued layer. Treatment 198 is tiie best damping treatment obtained

to date for 1-3/4 inch thick steel bars with a weight ratio of treatment to steel

Of 1:‘00
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21. Both treatments exhibited a sharp damping maximum in the temperature range
between 35° and 120°F. 1In the case of Treatment 198 this maximum occurred at

about 75°F, The maximum for Treatment 225 was at about 65°F, Average percent

of critical damping over the frequency range between 50 and 2000 cps at the
optimum damping temperature was 6.57% for Treatment 198, and 6.2% for Treatment 225.
In both treatments, dampings at 35° and at 120°F were approximately a fourth to a

third of the dampings at the optimum. temperatures,

22, It is apparent from the graphs of Appencdix 9 that Treatment 225 was slightly

superior to Treatment 198 at temperatures below about 55-F, but slightly inferior
to it between 55 and 100°T. Considering the over all damping characteristics of

the two treatments in the temperature range between 35° and 120°F, Treatment 225

might be considered as being only slightly inferior to the chromated felt Treatment

198,
DISCUSSION

23. Treatment 227 is the best treatment obtained to date with constrained layers
of Paracril D stock 384-584. This treatment regulted from a study of the effects
of thickness and the variocus factors associated with the siiape of the constrained
rubber layer on damping. Although it was not possible to ascertain the extent of
the contributions of each one of these factors to damping, a combination of thesge
effects yielded the above treatment, which exhibited about 30% more damping than

a treatment utilizing a solid sheet constrained layer (I'reatment 220).

24, he effect of temperature on the damping by Treatment 227 was not studied.
The constrained layer of this treatment was prepared from the same stock as the
constrained layer of Treatment 225. The effect of temperature on the damping of

the two treatments should be very similar. Treatment 227 is also expected to
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exhibit a damping maximum at about 65°F, Its damping at this temperature is
(O]
likely to be somewhat higher than at 74°F. But at 74-F its average damping
was only very slightly inferior to that of the chromated-felt Treatment 198,
@

It is resonable to assume, therefore, that the dampings of the two treatments

are nearly equal over the entire temperature range between 35° and 120°F.
CONCLUSIONS

25, The following conclusivns apply to damping of 1-3/4 inch thick steel bars
by treatments consisting ¢f a 1-1/4 inch thick constreining laver of aluminum,
and a constrained laver made of Paracril D stock 384-584.,
a. Solid constratined lavers 1/16 inch thick yield slightly higher damping
than 1/8 and 1/4 incii thick lavers.

b. Perforated constrained laycrs vield higher damping than solid sheet
layers of the suame thickness.

c. The best Paracril D treatment developed to date is Treatment 227. Its
constrained laver is made of a 1/16 inch thick perforated sheet. The
perforations are 1/4 inch square, and are separated by 1/4 inch wide

rubber parcitions.

d. Treatment 227 vields at 74°F nearly the same cdamping as Treatment 198
which utilizes chromated felv as a constrained laver,

e, Treatments utilizing constrained layers of stock 384-584 exhibit maximum
damping at 65 F, and low damping at 35° and 120°F.

f. Damping tends to increase with increase of constraining pressure, but
the e¢ffect is very slight in the pressure range between 15 and 70 psi.

FUTURE WORK

26. The Laboratory has developed a method for measuring the loss modulus of
materials and proposes to investigate the possibility of using it for the selection
or the development of damping materials. A speclal cbjective of this investigation
would be the obtention of materials which are less seunsitive to temperature than

chromated felt or the Paracril D vulcanizate used in tne present study,

8
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APPENDICES

Degcription of Constrained Layer Damping Treatments and Damping
of 1-3/4 Inch Thick Steel Bars at 75 F

Dimengions of Perforated Constrained Damping Layers

Schematic Layout of Instrumentation Used to Evaluate Damping
Treatments

Effect of Constraining Pressure and Thickness of Constrained
Layer on Damping of 1-3/4 Inch Thick Steel Bars at 75°F

Effect of Thickness of Solid Sheet Constrained Layer on Damping
of 1-3/4 Inch Thick Steel Bars at 75°F and 40 PSI Constraining
Presgsure

Effect of 1/1¢ Inch Thick Constrained Lavers With and Without
Perforaticns on the Damping of 1-3/4 Inch Thick Steel Bar at
75 F and 40 PSI Constraining Pressure

Effect of Temperature on Damping of 1-3/4 Inch Thick Steel Bar
by Treatment ZZ5 at 40U PSI Constraining Pressure

Effect of Temperature on Damping of 1-3/4 Inch Thick Steel Bar
by Treatment 225 at 40 PSI Constraining Pressure

Average Dampingg Obtained at Various Temperatures with Treatments
198 and 225 Applied to 1-3/4 Inch Thick Steel Bar
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DIMENSIONS, INCHES

Treatment

No . A B C
223 0.250  0.250 1/4
224 0.145 0.354 1/8
225 0.146 0.354 1/16
227 0.250 0.250 1/16

NOTE: All perforations were on (.50 inch centers.

DIMENSIONS OF PERFORATED CONSTRAINED DAMPING LAYERS
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EFFECT OF CONSTRAINING PRESSURE AND THICKNESS OF CONSTRAINED LAYER
ON DAMP'ING OF 1-3/4 INCH THICK STEEL BARS AT 75°F

Constraining Presanre, psi
o R

. 2
- - —_— R

Thickness of

Constrained Average Per Cent of Critical

Treatment Laver* Damping cver Frequency Range
No. Llanch If T elu cps
22 1/16 2 ) 5.0
219 1/t 1.8 4.1 G
ol 1/4 29 3.9 3.8

* Constrained layer consisted of a solid sheet of Paracril D stock
384-584. Constraining layer was « 1-1/4 inch thick aluminum bar,
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EFFECT OF TEMPERATURE ON DAMPING OF 1-3/4 INCH THICK STEEL BARS
BY TREATMENT 225 AT 40 PSI CONSTRAINING PRESSURE

Average Percent

Critical Damping over

of

Frequency Range over which
Damping was Equal to or

Temperature Frequency Range of Greater than 57 C/Co

“F 50-2000 cps cps

35 1.6 none

44 2.9 none

55 52 150-1500

65 652 100-1300

75 S, 5 100-1200

86 4,0 100-250
100 rA none

120 1.6 none
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Mare Island Haval Shipyerd, Rubber Laboratory, Report 94=39 of
1 August 1962, Unelassified.
DEVELOPMENT OF DAMPIHC TREATMENTS FOR NEW CONSTRUCTION SUBMARINES;
PROGRESS REPORT RO. 12 by J. Oser

A constrained-layer type of damping treatment was developed
for thick submarine plates., It consists of a 1-1/4 inch thick
eonstraining layer of aluminum, and 2 1/16 inch thick, perforated,
constrained layer of Paracril D rubber. The welgnt ratio of treat-
ment to steel 1s 1:%. The treatment, when applied to a 1-3/% inch
thick steel bar, yilelded at 75°F an average damping of (% of
critical, over the frequency range of 50 to 2000 cps. A similar
treatment, 1in which the constrained layer was made of the same
Paracril D vulcanizate, exhibited maximum damping at 05°F. Its
average damping at 25° and 1/09F was one quarter to one third of
average damping at ¢5°F.

Mare Island Naval Shipyard, Rubber Laboratory, Report 94-39 of
1 August 1967, Unclassified.
DEVELOPMENT OF DAMPIRG TREATMENTS POR NEW CONSTRUCTION SUBMARINES;
PROORESS REPORT NO. 1. by J. Oser

A constreined-layer type of damping treatment was developed
for thic« submarine plates. It coasists of a 1-1/4 inch thick
constraining layer of aluminum, and a 1/16 inech thick, perforated,
constrained layer of Paracril D rubber. The welght ratio of
treatment to steel 1s 1:4, The treatment, when applied to a 1-3/4
inch thick steel bar, ylelded at 70°F an average damplng of 6% of
critical, over the frequency range of 50 to 2000 cps. A similar
treatment, 1in wnilch the constralned layer was made of the same
Paracril D vulcanicate, exhibited maxirum damping at (5OF, . Its
average damplng at 35° and 1./0°F was one gquarter to one third of
average damping at 65°F.

Mare Island Naval Shipyard, Rubber Laboratory, Report 94=~39 of
1 August 196, Unclassified.
DEVELOPMERT OF DAMPIING TREATMENTS FOR NEV CONSTRUCTION SUBMARINES;
PROGRESS REPORT NWNO. 1. by J. Oser

A constralined-layer type of damping treatment was developed
for thick submarine plates. It consists of a 1-1/4 inch thick
constraining layer of aluminum, and a 1/16 inch thick, perforated,
constrained layer of Paracril D rubber. The welght ratio of
treatment to steel i{s 1:4. The treatment, when applied to m 1-3/i
inch thick steel bar, ylelded at 75°F an average damping of 6% of
cricital, over the frequency range of 50 to 2000 c¢ps. A similar
treatment, in which the constrained layer was made of the same
Paracril D vulcanlzate, exidlted maximum damping at 65°F. Its |
average damping at 35° and 120°F was one quarter to one third of
average damping at 65°F,




